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a b s t r a c t
Consumption of vegetables is related to overall health. American children, particularly low income students who qualify for free school meals, consume a majority of their calories at school. The United
States Federal Government sets regulations for those school meals to promote healthy eating, encouraging the consumption of well-liked fruits and less-liked vegetables. Given that hedonic contrast can affect
liking for foods served simultaneously, this study investigated whether a well-liked fruit served at the
same time as a less-liked vegetable in a school lunch would reduce consumption and liking for that vegetable compared to when the fruit was served subsequent to vegetable consumption. All of the third and
fourth grade subjects consumed some of the vegetable when the fruit was served after the vegetable.
When the fruit and vegetable were served simultaneously 40% of the subjects consumed none of the vegetable (Cramer’s V = 0.52). There was no difference in liking ratings for the vegetable as reported by subjects, though they may have felt peer pressure to positively rate their meal. Serving the fruit component
after the rest of the meal is recommended as a standard practice to encourage vegetable consumption in
school children.
Ó 2015 Elsevier Ltd. All rights reserved.

1. Introduction
The quantity and variety of vegetables consumed in the US has
been found to be below recommended levels (Kantor, 1999). This
affects people’s health since sufficient fruit and vegetable consumption has been found to help prevent diseases such as cancer
and cardiovascular disease (see Boeing et al., 2012 for a review).
In addition, lack of sufficient fruit and vegetable consumption
might also be related to increased rates of obesity (see Tohill,
Seymour, Serdula, Kettel-Khan, & Rolls, 2004 for a review) and of
associated chronic diseases such as diabetes (Centers for Disease
Control and Prevention [CDC], 2014; Ford & Mokdad, 2001).
A suboptimal rate of consumption of vegetables, in particular,
might be related to the obesity epidemic. Research has found that
the greater the quantity and variety of vegetables consumed, the
lower the levels of body fat in adults (McCrory et al., 1999) and
male children and adolescents (Field, Gillman, Rosner, Rockett, &
Colditz, 2003). Since childhood obesity has become a world-wide
problem (Wang & Lobstein, 2006) efforts should be made to
increase vegetable consumption in children.
⇑ Corresponding author at: Department of Psychology, Montclair State University,
Montclair, NJ 07043, United States.
E-mail address: zellnerd@mail.montclair.edu (D.A. Zellner).
http://dx.doi.org/10.1016/j.foodqual.2015.09.013
0950-3293/Ó 2015 Elsevier Ltd. All rights reserved.

What foods children like guide what they eat (Baxter &
Thompson, 2002). In general, children dislike the taste of vegetables more than they do fruits (Baxter & Thompson, 2002). In fact,
fruits have been found to be one of the most highly liked foods
whereas vegetables are rated low on liking (Cooke & Wardle,
2005). This difference between degrees of liking for fruits and vegetables is at least partly due to the fact that many vegetables are
bitter and many fruits are sweet. These taste properties influence
food acceptance (Dinehart, Hayes, Bartoshuk, Lanier, & Duffy,
2006) as do other properties of vegetables such as their low energy
density compared to fruits (Gibson & Wardle, 2003).
In the US many students consume two meals a day (breakfast
and lunch) and get about a third of their daily calories in their
school (Briefel, Wilson, & Gleason, 2009). Therefore many studies
are now investigating how manipulating school lunch programs
might increase vegetable consumption (e.g., Caraher, Seeley, Wu,
& Lloyd, 2013; Cohen et al., 2015; Reynolds et al., 2000).
Recently the United States Department of Agriculture (USDA)
which is in charge of the nationally subsidized school lunch program in the US made changes to the requirements for school
lunches that are reimbursable from the government, in order to
increase fruit and vegetable consumption (United States
Department of Agriculture [USDA], 2013). Lunches now have to
include weekly minimum servings of vegetables from five different
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subgroups (USDA, 2013). Although these different vegetables are
required to be offered to the students, they do not have to be chosen or consumed. In order for the meal to be reimbursed by the
government the student has to select 1/2 cup (118 ml) of vegetables or 1/2 cup of fruits or 1/2 cup total from the fruits and vegetables offered or 1/2 cup of an item containing both fruits and
vegetables (USDA, 2013). Since most lunches are served
cafeteria-style, a child chooses from an array of fruits and vegetables presented to them on a service line. All items wind up on the
same tray and a student eats from a tray containing all of the food
items selected.
In this situation, where a student can select either fruits or vegetables, they will most likely choose fruits. In fact, Schwartz,
Henderson, Read, Danna, and Ickovics (2015) found that the institution of these rules did increase fruit selection and decreased vegetable selection. This type of service does not encourage vegetable
consumption because it does not encourage vegetable selection.
Although cafeteria-style service is commonplace in the US, the
USDA does allow pre-plated meals, pre-packaged meals, and family
style meals (USDA, 2013). In these cases the students receive a
meal that usually consists of five components (meat/meat alternative, vegetable, fruit, grain, and milk; USDA, 2013). If all of the five
components are served simultaneously, the students are most
likely getting a well-liked fruit with a less-liked vegetable.
Recent research (Jimenez et al., 2015) suggests that having the
well-liked fruit on the same plate as the less-liked vegetable might
reduce liking for the vegetable, reducing consumption of that vegetable. This reduction in liking for one food (in this case the vegetable), which is presented, with another better-liked food (in
this case the fruit) is called hedonic contrast.
One change that could be made to the school lunch, which
should eliminate this potential reduction in liking and consumption of vegetables due to presenting the vegetable and fruit simultaneously, is to change to a coursed service. The ‘‘coursed meal”,
adopted from the service a la russe (Visser, 1991/2008), is the common way to eat in the US (Carroll, 2013). A typical American meal
has a separate sweet dessert course at the end of the meal (Carroll,
2013). The sweet dessert is often fruit (Clairborne, 1972). This
sequence might ensure that the often well-liked dessert course
does not reduce how much the diner enjoys the other courses in
the meal through the mechanism of hedonic contrast.
This study investigates the impact of serving the well-liked fruit
course at the same time as or after the less-liked vegetable in a
school lunch, served family style to 3rd and 4th grade students.
On two different days, the same meal, which included a vegetable
(kale salad) served in one serving dish and a fruit (apple–berry
medley) served in another serving dish, was observed. On one of
those two days the vegetable and the fruit were served at the same
time as the other components of the meal. On the other day the
fruit was served after the other components, as a dessert would
be in a typical coursed meal. Consumption of and liking for the vegetable was measured.
2. Method
2.1. Subjects
Subjects were 3rd grade and 4th grade students (22 students on
one day and 25 students on the other) from a private school in
Philadelphia. Because of their low socio-economic status, all students at the school qualified for a government subsidized free
school lunch. They were all African-American and their ages ranged from 8 to 10 years of age. The study was approved by the
Montclair State University Institutional Review Board.

2.2. Procedure
Children were observed during their 30-min lunch period. The
lunch observed was part of the Vetri Foundation for Children’s
Eatiquette program. This lunch was served on one day/week (Fridays). On the other four days the children were served heat-andserve packaged meals.
The Eatiquette program lunch meals meet the USDA requirements for school lunches (Nutrition Standards, 2012). In addition,
the meal is chef-designed and prepared. All food is made from
scratch with fresh ingredients. The day’s menu is placed on each
table so that the children know what food they will be served that
day. In addition, the chef comes into the lunch room and explains
the meal and how it is prepared to the children so that they are
aware of what they are eating.
The meals are served family style at round tables seating 4–5
people. Children are assigned to a table. Based on prior assignment, one child serves as the table captain for that table. He/she
arrives before the other children donning a chef-coat appropriate
for their size and is responsible for setting the table, including
pouring the water into the glasses. Non-disposable plates, glasses
and cutlery are used. Once the other children arrive, the table
captain brings the food to the table. The table captains serve the
food to each person at their tables (often with the assistance of
an adult seated at each table) and then sit down to eat with their
tablemates.
During the days in which the study occurred all children were
seated at round tables with, on average, four children per table plus
an adult. Although the 4th graders ate lunch with the 5th graders
and the 3rd graders ate with the 2nd graders, any one table had
students from the same grade (with the exception of one 3rd grader who ate with 2nd graders). Many volunteers and staff members were also present in the lunchroom.
On two separate occasions, more than two months apart, the
same children (on one day three students were absent) were
observed eating the same lunch. The lunch consisted of
chicken–chickpea curry, pita bread, kale salad, apple–berry
medley, and milk. On the first observation day, the fruit/dessert
component was served after the meal. On the second observation
day, the fruit/dessert was served at the same time as the rest of
the meal.
While the children were eating their meal, trained observers
recorded how much of the kale salad was consumed by the children during the meal. Training of observers occurred during previous lunches and the observations of the three observers were
compared to ensure agreement and consistency in the use of the
scale. One observer recorded consumption of the children at 1–2
tables. A child’s consumption was recorded as falling into one of
three categories. If the children ate none of the kale, or only tasted
it, their consumption was recorded as ‘‘none”. If they ate some of
the kale, but less than all of it, their consumption was recorded
as ‘‘some”. If they ate all of the serving put on their plate or they
consumed seconds (which was often possible with the familystyle presentation) their consumption was recorded as ‘‘all/
seconds”.
In addition, toward the end of the meal, the children were asked
to rate how much they liked the kale (‘‘How much do you like the
kale salad today?”) on each occasion by marking a square under
one of four faces on a slip of paper. The faces included one that
was smiling a lot (labeled ‘‘really good” and given a score of 1),
one that was smiling a little (labeled ‘‘a little good” and given a
score of 2), one frowning slightly (labeled ‘‘a little bad” and given
a score of 3), and one frowning a lot (labeled ‘‘really bad” and given
a score of 4).
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3. Results
3.1. Consumption measure
Each child was categorized as consuming either ‘‘none” (ate no
more than a bite of kale), ‘‘some” (more than a bite of kale but less
than what was put on their plate), or ‘‘all or seconds” (ate all the
kale that was put on their plate or ate kale in addition to that). A
Chi-square test found that more children consumed more kale
when the fruit/dessert was served after the rest of the meal rather
than at the same time, v2(2) = 12.74, p = .0017, Cramer’s V = 0.52.
Table 1 shows that 40% of the children ate none of the kale when
the fruit/dessert was served at the same time as the rest of the
meal, whereas, all of the children ate kale when the fruit/dessert
was served after the main part of the meal Many more children
ate all of the kale put on their plate or had seconds (55%) when
the fruit/dessert was served after the rest of the meal than when
fruit/dessert was served at the same time (20%).
3.2. Liking ratings
Children rated the kale salad as being either (1) ‘‘really good”,
(2) ‘‘a little good”, (3) ‘‘a little bad”, or (4) ‘‘really bad”. A Chisquare test found no difference in the distribution of the hedonic
ratings given to the kale under the two conditions, v2 (3) = 5.44,
p = 0.14, Cramer’s V = 0.34. There was also no significant difference
in the mean hedonic ratings between the group getting the kale
after the main course (M = 2.0, SD = 0.95) and those getting the
kale at the same time (M = 1.92, SD = 1.22), t(44) = 0.24, p = 0.81.
In both cases the kale was rated as hedonically positive.
4. Discussion
Serving the fruit/dessert component of a school lunch after students eat the rest of the meal, including the vegetable, significantly
increases consumption of that vegetable. When the fruit/dessert
component was served at the same time as the rest of the meal
many students did not eat any of the vegetable (40% compared
to 0% when served after the meal). Instead, the observers noted
that many of the children ate the fruit/dessert to the exclusion of
the less sweet vegetable and often the protein component. One
might worry that students will not consume the fruit/dessert when
it is served after they have eaten the rest of the meal, however, the
fruit/dessert course is well-liked (Cooke & Wardle, 2005) and
therefore consumed readily by the students after the main part
of the meal.
These results suggest that serving the fruit/dessert component
of the meal after the rest of the meal, which includes a vegetable,
is an effective way to increase the vegetable intake of students in a
school lunch. In addition, it increases the variety of plant foods the
children consume by increasing consumption of the less-liked vegetable in addition to the fruit. Thus, a meal with at least two
courses (main course plus dessert) can be used to increase vegetable intake in children.
Since fruits are liked more than other components in a school
lunch (Cooke & Wardle, 2005), the serving of the fruit at the same
Table 1
Percentage of children consuming ‘‘none”, ‘‘some”, or ‘‘all/seconds” of the kale salad
when fruit/dessert served with or after the rest of the meal.
Consumption
categories

Fruit/dessert after meal
(%)

Fruit/dessert with meal
(%)

None
Some
All/seconds

0
45
55

40
40
20
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time as the other components might make the other components
less attractive. Although we did not find a decrease in hedonic ratings, which would be expected if hedonic contrast occurred, we
suspect that our failure to find such a decrease in rating was
because the children were afraid to say they disliked anything
about their Friday Eatiquette meal. They perceive that meal as a
treat and prefer it to the heat-and-serve packaged food they
receive on other days of the week. Some of the students reprimanded their tablemates who said that they disliked the kale by
saying that if they gave it a ‘‘bad” rating they would stop getting
the lunch. Although we tried to assure them that this was not
the case, we do think this fear affected the ratings we received.
Future studies should emphasize that the ratings will be used to
improve the meals rather than discontinue them.
Because of this possible influence on the hedonic ratings we are
not sure what caused the drastic difference in vegetable consumption between the two methods of presentation. Although it could
be that hedonic contrast caused the vegetables to be perceived as
worse than they would have been without the fruit present at
the same time there are other possible explanations for the findings. For example, hunger might have played a role. If only kale
was available during the main meal they might have eaten more
of that because they were hungry and it was the only thing available. If, however, the fruit was available, they ate that first because
it was sweet, reducing their hunger to the point where they were
either sated or the pleasantness of the kale was decreased so much
that it was not acceptable (Cabanac, 1971). No matter the reason
for the results, the study suggests that to increase vegetable consumption a separate fruit/dessert course is needed.
Increasing vegetable consumption is particularly important in
the population we studied. This increase in vegetable consumption
occurred in low income, African-American children. Because this
population has been shown to have higher rates of obesity than
others (Drewnowski & Specter, 2004; Haas et al., 2003) it is important to find ways to increase vegetable consumption in this demographic. The present manipulation, using the school lunch to
increase vegetable consumption, should be particularly effective
in these children since many of them qualify for a free school lunch
and eat the school lunch regularly.
The simultaneous presentation of all food components currently used in US school lunches only guarantees that the students
receive servings of two fruits and/or vegetables. Although the regulations dictate that different types of vegetables are served over
the course of a week (Nutrition Standards, 2012) that does not
guarantee that the students are taking a variety of vegetables. In
fact, it does not guarantee that the students are taking any vegetables. Most importantly, even if the students do select vegetables at
lunch it does not guarantee that the vegetables are consumed. Consuming vegetables, not simply putting them on your plate, has a
positive impact on health. It also reduces plate waste which is an
area of both economic and environmental concern (Buzby &
Guthrie, 2002).
While this study did demonstrate a large negative effect of serving the fruit at the same time as the vegetable on vegetable consumption, ideally half of the subjects in the present study should
have received the meal containing the fruit as a dessert course
prior to the meal with all components served simultaneously,
and half should have received the two types of meals in the reverse
order. Luckily, the coursed meal was served before the meal with
all components served simultaneously. Had the meals been served
in the opposite direction one might have been concerned that the
increase in kale consumption was due to exposure. However, the
fact that a large decrease in kale consumption occurred on the second presentation makes an even stronger case for the negative
effect of the fruit being served at the same time as the vegetable
on vegetable consumption. Nevertheless, future research might

198

D.A. Zellner, J.L. Cobuzzi / Food Quality and Preference 48 (2016) 195–198

want to investigate this effect using a between-subjects design or
counterbalancing order of presentation of meal type.
Further research on the effect of presenting the fruit as a
‘‘dessert” course in a school meal should be extended to other populations and types of lunches. It is also important that the effect of
having a separate dessert course on the consumption of all foods in
the meal and overall energy intake at the meal be studied. Previous
research investigating the effect of an initial vegetable course
found an increase in total vegetable consumption in the meal but
no increase in overall energy intake (Spill, Birch, Roe, & Rolls,
2010). In addition, more research should be conducted to determine the mechanism at work in the effect demonstrated in this
study.
Acknowledgments
This project was conducted while Debra Zellner was on sabbatical leave from Montclair State University and working as a Visiting
Scientist at the Monell Chemical Senses Center in Philadelphia, PA,
USA.
The authors would like to thank the Barra Foundation and the
Vetri Foundation for Children for their support of this study. In particular, we would like to thank Kelly Herrenkohl, Jennifer Wheeler,
Sarah Cullen, Carla Norelli, and Tia McDonald. We would also like
to thank Eric Jones, Beth Vaccaro, Heather Lewis, David Davis, Francine Alston, and Chrystina Volcy at the Community Partnership
School in Philadelphia for allowing us to do research in their
school’s lunchroom. We also thank Carol Christensen, Jenifer
Trachtman and Gary Beauchamp at the Monell Chemical Senses
Center for making this project possible, Rebecca Patenaude for
her valuable assistance with data collection, and Scott Parker for
his helpful comments on this manuscript.
References
Baxter, S. D., & Thompson, W. O. (2002). Fourth-grade children’s consumption of
fruit and vegetable items available as part of school lunches is closely related to
preferences. Journal of Nutrition Education and Behavior, 34, 166–171.
Boeing, H., Bechthold, A., Bub, A., Ellinger, S., Haller, D., Kroke, A., et al. (2012).
Critical review: Vegetables and fruit in the prevention of chronic diseases.
European Journal of Nutrition, 51, 637–663.
Briefel, R. R., Wilson, A., & Gleason, P. M. (2009). Consumption of low-nutrient,
energy-dense foods and beverages as school, home, and other locations among
school lunch participants and nonparticipants. Journal of the American Dietetic
Association, 109, S79–S90.
Buzby, J. C., & Guthrie, J. F. (2002). Plate waste in school nutrition programs: Final
report to Congress (Economic Research Service/USDA Publication No. E-FAN-02009). Washington, DC: Government Printing Office.
Cabanac, M. (1971). Physiological role of pleasure. Science, 173, 1103–1107.
Caraher, M., Seeley, A., Wu, M., & Lloyd, S. (2013). When chefs adopt a school? An
evaluation of cooking intervention in English primary schools. Appetite, 62,
50–59.

Carroll, A. (2013). Three squares: The invention of the American meal. New York: Basic
Books.
Centers for Disease Control and Prevention (2014). National diabetes fact sheet.
Atlanta, GA: Centers for Disease Control and Prevention.
Clairborne, C. (1972). Kitchen primer. New York: Random House.
Cohen, J. F. W., Richardson, S. A., Cluggish, S. A., Parker, E., Catalano, P. J., & Rimm, E.
B. (2015). Effects of choice architecture and chef-enhanced meals on the
selection and consumption of healthier school foods. A randomized clinical
trial. Journal of the American Medical Association Pediatrics, 169(5), 431–437.
Cooke, L. J., & Wardle, J. (2005). Age and gender differences in children’s food
preferences. British Journal of Nutrition, 93, 741–746.
Dinehart, M. E., Hayes, J. E., Bartoshuk, L. M., Lanier, S. L., & Duffy, V. B. (2006). Bitter
taste markers explain variability in vegetable sweetness, bitterness, and intake.
Physiology & Behavior, 87, 304–313.
Drewnowski, A., & Specter, S. E. (2004). Poverty and obesity: The role of energy
density and energy costs. American Society for Clinical Nutrition, 79, 6–16.
Field, A. E., Gillman, M. W., Rosner, B., Rockett, H. R., & Colditz, G. A. (2003).
Association between fruit and vegetable intake and change in body mass index
among a large sample of children and adolescents in the United States.
International Journal of Obesity, 27, 821–826.
Ford, E. S., & Mokdad, A. H. (2001). Fruit and vegetable consumption and diabetes
mellitus incidence among U.S. adults. Preventative Medicine, 32, 33–39.
Gibson, E. L., & Wardle, J. (2003). Energy density predicts preferences for fruit and
vegetables in 4-year-old children. Appetite, 41, 97–98.
Haas, J. S., Lee, L. B., Kaplan, C. P., Sonneborn, D., Phillips, K. A., & Liang, S.-Y. (2003).
The association of race, socioeconomic status, and health insurance status with
the prevalence of overweight among children and adolescents. American Journal
of Public Health, 93, 2105–2110.
Jimenez, M., Rodriquez, D., Greene, N., Zellner, D. A., Cardello, A. V., & Nestrud, M.
(2015). Seeing a meal is not eating it: Hedonic context effects differ for visually
presented and actually eaten foods. Food Quality & Preference, 41, 96–102.
Kantor, L. S. (1999). A comparison of the US food supply with the Food Guide
Pyramid recommendations. American’s eating habits: Changes and
consequences. Information Bulletin, 750, 71–95.
McCrory, M. A., Fuss, P. J., McCallum, J. E., Yao, M., Vinken, A. G., Hays, N. P., et al.
(1999). Dietary variety within food groups: Association with energy intake and
body fatness in men and women. American Journal of Clinical Nutrition, 69,
440–447.
Nutrition Standards in the National School Lunch and School Breakfast Programs.
(2012). 77 Fed. Reg. (Jan 26, 2012) (to be codified at 7 CFR pts. 210 & 220).
Reynolds, K. D., Franklin, F. A., Binkley, D., Raczynski, J. M., Harrington, K. F., Kirk, K.
A., et al. (2000). Increasing the fruit and vegetable consumption of fourthgraders: Results from the High 5 Project. Preventative Medicine, 30, 309–319.
Schwartz, M. B., Henderson, K. E., Read, M., Danna, N., & Ickovics, J. R. (2015). New
school meal regulations increase fruit consumption and do not increase total
plate waste. Childhood Obesity, 11(3), 242–247.
Spill, M. K., Birch, L. L., Roe, L. S., & Rolls, B. J. (2010). Eating vegetables first: The use
of portion size to increase vegetable intake in preschool children. American
Journal of Clinical Nutrition, 91, 1237–1243.
Tohill, B. C., Seymour, J., Serdula, M., Kettel-Khan, L., & Rolls, B. J. (2004). What
epidemiologic studies tell us about the relationship between fruit and vegetable
consumption and body weight. Nutrition Reviews, 26(10), 365–374.
United States Department of Agriculture & Food and Nutrition Service (2013). Offer
versus serve: Guidance for the national school lunch program and the school
breakfast program. Washington DC: Government Printing Office.
Visser, M. (2008). The rituals of dinner. Toronto: Harper Collins (original work
published 1991).
Wang, Y., & Lobstein, T. (2006). Worldwide trends in childhood overweight and
obesity. International Journal of Pediatric Obesity, 1, 11–25.

